are based on aerobic metabolism (13, 15) . Importantly also, HIIT proves highly health beneficial for insulin sensitivity and glucose homeostasis in sedentary individuals (17) . For these reasons, HIIT strategy seems to be a good choice for both healthy and especially diseased patients with T2D. Additionally, it has proven a time-efficient strategy, thus potentially more individuals are able to comply with these exercise regimes compared to time-consuming strategies such as both endurance and resistance training (14, 17) . In fact, some research groups have demonstrated only 1/10 time spent on HIIT compared to conventional endurance training, which for a long time have been the most preferable exercise strategy for both athletes and patients with T2D (14; 17). Ultimately, since many patients with T2D drop out of these programs, HIIT seems also to be an important strategy as regards motivation and adherence (15) . Direct catherisations and thermodilution in artery and vein in the femoral region are believed to be the most accurate methods to measure in vivo hemodynamics in humans. The non-invasive inherent characteristics of an ultrasound system allows one to assess in vivo hemodynamics (blood flow and diameter of vessel) in humans (18) . By applying a blood pressure cuff (FMD), one can assess the vasodilatory function on skeletal muscle blood flow of major vessels (18) . FMD is believed to reflect the endothelial-dependent and predominantly nitricoxid (NO)-mediated artery function and has been applied as a substitute for the cardiovascular function. NO is significant in terms of the regulation of systemic and peripheral blood pressure in humans, and is a potent vasodilator, which relaxes the vascular smooth muscle tissue for immediate vasodilation. By applying FMD, the method is used to isolate NO, thus the FMD-response is an index for the NO bioavailability, finally looking upon the ability to vasodilate. Hence, the method is believed to be excellent compared to other comprehensive invasive measurements (direct catherisations in artery and vein in the femoral region), which also is described earlier (18) .
Hypotheses:
 Following 8 weeks of controlled HIIT, the T2D patients will have improved their ability to oxygenate their muscle tissue significantly, including e.g. improved vasodilation (measured by applying FMD).  Following 8 weeks of controlled HIIT, it is expected that the glucose homeostasis and insulin sensitivity among T2D patients and healthy subjects have been improved.  Following 8 weeks of controlled HIIT, it is expected that HbA1C, the inflammatory status and lipid profile among T2D patients and healthy subjects have been improved.  The above-mentioned hypotheses will indicate that the T2D patients -prior to the HIIT study -have a disturbed vessel-physiological morphology, which induces poor oxygen transfer to the muscle tissue.  Following 8 weeks of controlled HIIT, it is expected that the systemic blood pressure is decreased.  NO vasodilatory system is expected to be improved following 8 weeks of HIIT.
Materials and methodology:

12-lead electrocardiography (ECG)
We apply 12-lead ECG to obtain the subject's electrical activity of the myocardium. If any perturbations during the heart cycle (both before and after the initial VO2peak test), he/she will be precluded from the study. The procedure is conducted by trained staff.
Dual-emission X-ray absorptiometry (DXA) scans:
DXA scans has proven a particularly accurate method to measure fat free mass, fat mass and body weight, for which reason it is a good method to evaluate any potential changes in body compositions (19) .
VO2peak, time trials and high intensity interval training (HIIT):
For the HIIT experiment, a Monark cycle ergometer is used. The test starts at 30 W for 1 min followed by a load that is increased incrementally at a rate of 20 W every minute until the subject can not sustain a cadence greater than 60. VO2peak will be recorded as the highest VO2 reading recorded for 20 s during the test (using an online breath-bybreath analyser Oxycon-Pro, Viasys, Hoechberg, Germany). Peak power output is calculated by averaging the power output for the final minute of the VO2peak test. Additionally, ventilation volume (VE), oxygen consumption (VO2) and carbon dioxide production (VCO2) will be measured. Two similar self-paced cycling time trials (250kJ, corresponding to 10km) are performed of which the faster one will be used for later comparison . First time trial will be used for familiarisation. No physiological, temporal or verbal feedback will be given, only with the exception of distance covered. Each HIIT comprises 4-6×30-sec. cycle sprints against a resistance equivalent to 7.5% of body mass -a so-called Wingate test), with 4 min. recovery between each sprint and with 3 sessions every week (Babraj et 
Oral glucose tolerance test (OGTT):
All subjects will refrain from performing any strenuous exercise for 2 days prior to the OGTT as well as the subject was instructed to fast (water is allowed) overnight while smoking and eating prior to the OGTT is not allowed. An oral glucose tolerance test (OGTT) is a 2 hours medical test, in which 75 g glucose dissolved in 100 ml of water (ordered at the local hospital pharmacy at Aarhus University Hospital and is stored in a refrigerator until application) is given followed by venous blood samples in a view to determining how fast the glucose is cleared from the blood (source). In both studies, venous blood samples will be collected at -15, -10, zero time (baseline), 15, 30, 60 and 120 minutes after the oral intake of the glucose dissolving. Centrifugation is used to separate plasma from the red blood cells and will be stored at -20°C until analysis of glucose, glucagon and insulin (metabolic parameters), lipids (triglycerides, HDL, LDL and total cholesterol) as well as interleukins and cytokines (inflammatory markers such as TNF-α, IL-6, IL-10 and c-reactive peptide). Finally, a second OGTT will be performed after completion of the HIIT study program. All subjects will be tested either two or three days after the last bout of exercise (i.e. day 44 or 45) in order to preclude acute effects attributable to the last exercise bout. Importantly, in order to make sure that all individuals are capable of conducting exercise, we make sure that leukocytes, HbA1C, erythrocytes, thrombocytes, ASAT, ALAT, coagulation factors (II, VII and X), albumin, INR, CRP, creatinine and TSH are within normal ranges -if not, the subject will be excluded from the study.
Measurements of capillary blood glucose concentrations:
The patient will have an apparatus (Accutrend) delivered for quantifying capillary blood glucose concentration, which is determined every morning immediately after wake-up (postprandial phase) and before breakfast is consumed. For the apparatus, strips and finger dots will be given. Data will be registered in a document, on which the patient writes in two measured blood glucose concentrations on the mornings after the HIITinterventions. Prior to using the apparatus, the patient is carefully instructed how to use the system, thus he/she will be able to conducted it for the next 8 weeks.
Effect parametres:
 Measurement of resting vasodilation before and after HIIT by applying FMD.  Metabolism, oximetry and inflammation differences  HIIT as a training strategy
Flow-mediated vasodilation (FMD) by applying ultrasound
Earlier in this description, FMD is explained. Below a short description of the experimental setup is explained:  Baseline diameter of a. popliteal is examined prior to blood pressure cuff is activated (baseline). Measurement in 1 minute.  The blood pressure cuff is pumped up manually for 5 minutes (reactive hyperaemia FMD/shear stress) to a pressure ≥ 200 mmHg (suprasystolic pressure) after which the pressure is dropped to 0 mmHg. In this phase, the blood flow (ml min -1 ) of a. popliteal within 15 seconds and the diameter of a. popliteal at 45, 90, 180 and 300 seconds.  The measurement of active hyperaemia is conducted ≥ 5 minutes.
Statistical analysis:
During the statistical evaluation of the data, the average ± S.E.M will be presented. Data from the OGTT (before and after HIIT) will be analysed by applying two-way reapeated measures ANOVA with post hoc Student Newman-Keuls tests. Differences between before and after VO2peak and blow flow characteristics will be analysed by applying Student's paired t-test. Pearson's correlation coefficient will be applied in order to evaluate bivariate correlations between baseline values and changes of the following variables: metabolic markers, oximetry, inflammation, cytokines, blood flow (FMD) as well as VO2peak in each experiment. P-values below 0.05 will be assumed as statistically significant. The statistical programmes STATA (for measurement) and Prism GraphPad (for visual representation) will be applied. The Lilliefors test will be applied to test whether data is normally distributed. For data not fulfilling this criterion, a Wilcoxon signed rank test will be used. STATA (for measurement) and Prism GraphPad (for visual version) are applied.
Study population and recruitment:
17 patients with T2D and 17 control subjects will be attempted to be recruited for the studies). However, only 10 healthy subjects are needed for study 1. All will recruited from Sygehus Vendsyssel (Hjørring). All participants are given both oral and written information about the purpose, nature and potential risks before they gave a written informed consent to participate in the study. Clinical experiments carried out in humans will occur in agreement with the local Human subject Ethics Committee of Region Midtjylland. Additionally, all procedures conform to the declaration of Helsinki (World Medical Association).
Additionally, we will look into the possibility of making a methodology study on the basis of all the data collected from 2011-14. Here, a short theoretical description will be given:
Contrast enhanced ultrasound (CEUS) specificity:
IU22 Philips ultrasound scanner together with a micro bubble agent (SonoVue® and Optison) will be applied with the linear transducer L9-3 for the contrast scan. Harmonic power-Doppler imaging is performed at a transmission frequency of 3 MHz with a linear-array transducer at a mechanical index of 0,07 (Madsen & Østergaard, unpublished data). From unpublished data, it is found that individuals weighing more than 60 kg, a bolus of 0.3 ml of SonoVue® is needed. A bolus of 0.15 ml SonoVue® is needed when weighing less than 60 kg (Madsen & Østergaard, unpublished data). A cannula is inserted in the non-dominant arm. For standardisation, the ROI of each subject will be drawn with a pen on the skin in a 25% distance from elbow joint to hand joint or from hip joint to knee joint. Additionally, each subject will meet fasting from the night before. All subjects will also refrain from performing any strenuous exercise for 2 days prior to the experiment.
Research plan (August 2014-December 2015):
In the time of writing, I will predominantly handle data from the diabetes study obtained from the study conducted between April and June at Hjørring Sygehus. From this, one or perhaps two articles may be published. Additionally, I will look into both doing an exercise-diabetes review and a methodology study (obtained from all contrastenhanced ultrasound studies from 2011-2014). Additionally, I will spend 4 months at the Norweigian School of Sport Sciences (NIH) to exchange and develop new research experiences under close guidance from professor Jørgen Jensen, who conducts research within exercise, glucose metabolism and intracellular signalling of skeletal muscles. From this stay, it may be possible to be co-writer of ongoing studies. Finally, by now there may be time to conduct research for both my supervisor associate professor Per Bendix Jeppesen and my co-supervisor associate professor Kristian Overgaard, who research in arthritis and HIIT interventions respectively. Additionally, I will be part of an interdisciplinary research environment, in which there will be great possibilities to write articles in close cooperation with other scientists, including my supervisor Associate Professor Per Bendix Jeppesen, co-supervisor Associate Professor Kristian Overgaard and fellow PhD-students. Both positive and negative results will be published in international journals. Additionally, same working group will assist me during the experiments. Obviously, this physiological approach along with our hypotheses may establish further importance of the metabolic role of the blood flow patterns of how to approach T2D more efficiently. Therefore, collaboration between NIH and our department seems to be of mutual benefit.
Perspectives:
It is the purpose of this PhD project to elucidate the role of macro blood flow patterns and metabolic changes in healthy and diabetes mellitus type 2 patients in response to high intensity interval training, and whether it is coupled to endothelial dysfunction. By the proposed experiments, we hope to achieve a more complete understanding of the linkage between macro blood flow patterns (the ability to vasodilate before and after HIIT intervention), glucose homeostasis and inflammation under exercise stimulus in T2D patients. This, in turn, will likely allow us to answer key pathophysiological and pharmacological questions in relation to exercise in general, and T2D in particular. 
